The increase in life expectancy and the consequent rapid and ongoing increase in the elderly population have important implications for the effective targeting of preventive medicine. A key issue for screening and prevention of vascular disease is the extent to which disease incidence is also moving to older ages. Abdominal aortic aneurysms (AAAs) cause over 175 000 deaths globally, accounting for 1% of deaths in men over 65 years.[@b1],[@b2] Rupture carries an 80% mortality,[@b3]--[@b5] compared with only a 2% to 6% 30-day mortality for elective surgical repair of screen-detected AAAs,[@b6],[@b7] suggesting that population screening to detect and repair AAAs before rupture may reduce mortality. In fact, the UK Multicenter Aneurysm Screening Study (MASS)[@b4],[@b8],[@b9] showed that ultrasound screening of men ages 65 to 74 halved 10-year AAA-related mortality and national screening programs have recently been initiated for men age 65 in England[@b10] (national implementation completed April 2013), Wales, Northern Ireland, Scotland,[@b11] and Sweden.[@b12] In the United States, following the Preventive Services Task Force recommendation,[@b13] Medicare screening of men age 65 who have ever smoked at least 100 cigarettes has also commenced under the Screening Abdominal Aortic Aneurysms Very Efficiently Act (2007).

The MASS trial, carried out in the UK from 1997 to 1999, estimated that screening of all men age 65 would be cost-effective, with 1 death prevented per 216 men invited to screening.[@b9] However, this estimate was based on a 4.9% prevalence of AAAs in men ages 65 to 74 in the trial cohort, whereas early results from the National Health Service (NHS) screening program[@b10] suggest a 1.5% AAA prevalence in screened men age 65, with similar findings reported in Sweden[@b14] and New Zealand.[@b15] This, together with evidence suggesting that the greatest decline in AAA events and mortality has been in the younger age groups, suggests that the incidence of rupture may be shifting to older age groups.[@b14]--[@b18] Although one-off screening of men at age 65 is a major step in preventing acute AAA, these findings raise concerns that it may have a limited impact on overall AAA-related mortality at the population level, particularly in light of increasing life expectancy and the limited duration (10 to 15 years) of "protection" afforded by screening.[@b9],[@b19],[@b20]

A potential solution would be more-targeted screening then that currently undertaken in Europe and the United States. Smoking, hypertension (HTN), male gender, and age are the key risk factors for aneurysm formation,[@b21]--[@b26] and smoking and HTN may additionally increase risk of rupture,[@b27]--[@b29] but the potential impact of risk-based screening has not been determined and previous screening trials have excluded women and older men.[@b4],[@b19],[@b30],[@b31] Indeed, there have been no prospective population-based studies of event rates, incidence, outcome, or projected future burden of acute AAA on which to base assessments of the most appropriate screening strategy. Previous studies have been based on routinely collected hospital coding data,[@b3],[@b14]--[@b18],[@b28],[@b32]--[@b34] retrospective registries,[@b35],[@b36] or restricted to prevalent groups, limited by age and gender, or cohorts of volunteers with specific risk-factor profiles.[@b4],[@b19],[@b22],[@b26],[@b30],[@b31],[@b37]--[@b40] We therefore determined event rates, incidence, early case fatality, and long-term outcome of all acute aortic events during 2002--2014 (before the introduction of national screening in our region) in a prospective, population-based study in Oxfordshire, UK, both overall and in relation to the 4 main risk factors. Using population projections, we also predict acute AAA incidence rates over the next 2 decades and estimate the likely impact of current and potential alternative screening programs.

Methods
=======

The Oxford Vascular Study (OXVASC) study population comprises all individuals (12-year average =92 728), irrespective of age, registered with ≈100 family physicians in 9 general practices in Oxfordshire, UK.[@b41] In the UK, the vast majority of individuals register with a general practice, which provides their primary health care and holds a lifelong record of all medical consultations, and details of medications, blood pressure (BP) measurements, and investigations. All participating practices held accurate age-sex patient registers and allowed regular searches of their computerized diagnostic coding systems. All practices refer patients to only 1 secondary care center. The OXVASC has been approved by the local research ethics committee.

Case ascertainment was by prospective daily searches for acute events in hospital ("hot pursuit") and retrospective searches of hospital, primary care administrative and diagnostic coding data, and centralized death certification ("cold pursuit") for cases missed by hot pursuit and deaths in the community. Hot pursuit was based on the daily assessment of all patients with a possible vascular event identified by: (1) daily searches of emergency department admission and symptom/diagnosis registers; (2) daily listing from the central admissions department of all patients from our general practices admitted to hospital, as well as assessment of these patients in hospital; (3) daily visits to the cardiac surgery and vascular surgery wards and review of daily lists of all patients referred to vascular surgery; (4) daily identification by bereavement officers of patients dead on arrival at the hospital or who died soon after; and (5) daily assessment of all patients undergoing diagnostic angiographic, angioplasty/stenting, or arterial surgical procedures in any territory.

The methods of cold pursuit were: (1) weekly review of all listed surgical procedures undertaken by vascular and cardiovascular (CV) surgery; (2) direct collection of general practice records and diagnoses from each individual practice on a monthly basis. All relevant vascular diagnoses made in primary care are assessed by a senior clinician within the study and the patient event is ascertained; (3) monthly practice-specific list of all patients with relevant diagnostic codes from the coding departments covering all acute and community hospitals (Hospital Episode Statistics \[HES\] data); (4) monthly visits to the coroner's office to review out-of-hospital deaths; (5) review of all death certificates and relevant clinical details in the study practices; (6) practice-specific listings of all International Statistical Classification of Diseases, 10th revision (ICD-10) death codes from the local department of public health; and (7) review of vascular surgery outpatient clinic letters to identify patients who were not admitted to the hospital. For all cases not initially identified by HES data and death certification, these data sources were researched using NHS number and other identifiers, where possible.

After ascertainment, a study clinician assessed patients as soon as possible after the event. Informed consent was sought, where possible, or assent was obtained from a relative. Standardized clinical history and examination were recorded, along with details of medication, past medical history, all investigations relevant to the admission, and all interventions occurring subsequent to the event. All diagnoses were subsequently reviewed by a senior clinician. After this, aortic events with any ongoing diagnostic uncertainty were assessed by a separate consultant vascular surgeon to ensure agreement on classification. If a patient died before assessment or was only identified by cold pursuit, eyewitness accounts were obtained and relevant records reviewed. If death occurred outside the hospital, or before investigation, autopsy results were also reviewed. Clinical details were sought from primary care physicians or other clinicians on all deaths of possible vascular etiology.

All surviving patients were followed up by a research nurse at 6 months or by their family doctor, with recurrent events also identified by the ongoing study surveillance. If a recurrent vascular event was suspected, the patient was assessed by a study physician. Premorbid disability and disability on follow-up were assessed with the modified Rankin Scale (mRS).[@b42] All study clinicians were trained in performing mRS assessments by completing the approved digital training course.

To assess the impact of screening in relation to risks factors documented in primary care, data from primary health care records for all cases, and for all of the underlying study population, were obtained (individual patient data for cases and age-/sex-specific tabular data for the population) on history of HTN and smoking status. The accuracy of these data was tested in cases by direct questioning of patients, relatives and review of records. In addition, all pre-morbid BP measurements were obtained from primary care records of incident cases (available in 98.1%). These were taken using automated sphygmometers with patients in the seated position. A cut-off value of 140/90 was used to define HTN. Current smoking was defined as daily smoking within the previous 12 months.

Analysis
--------

All patients with acute vascular events affecting the aorta from April 1, 2002 to March 31, 2014 were assessed. Patients who had an event while temporarily away from Oxfordshire were included, but visitors to Oxfordshire who were not registered with one of the study practices were excluded. Acute AAAs were classified as either ruptured or symptomatic and defined by involvement of the aorta at or below the level of the renal arteries. Symptomatic cases were defined as acutely symptomatic aneurysms resulting in the need for emergency medical attention. These normally present as acute severe pain in the abdomen, back, or flank not obviously attributable to another cause and without evidence of aneurysm rupture on imaging.[@b43] No strict aortic diameter was required for inclusion, but all cases did have aortic diameters of greater than 5.0 cm.

All events were categorized as first-ever incident or recurrent. A rupture in a patient with a previous symptomatic event was classified as a recurrent event if the delay to rupture was greater than 48 hours. The population structure was derived from the general practice age/sex registers and was based on the mean of the 10 mid-year population age-sex structures. Age- and sex-specific rates were calculated for all events of each type and for incident events. Analyses were done with SPSS software (version 20.0; SPSS, Inc., Chicago, IL). Numeric data are expressed as means (SD) or proportions, as appropriate. Group differences in continuous variables were examined with the Student *t* test or the Mann--Whitney *U* test for parametric and nonparametric variables, respectively. Group differences in categorical variables were examined with Fisher's exact test or the chi-square test, as appropriate. Survival rates were derived by Kaplan-Meier analysis. *P*\<0.05 was considered statistically significant.

Event- and aneurysm-related death (death within 30 days of acute presentation[@b8],[@b9]) rates were projected to the whole UK population based on the 2010 census population. Future rates were also projected for 2020 and 2030 based on the Office of National Statistics (ONS) national population projections by age and sex for the UK,[@b44] based on current incidence rates and separately by linear extrapolation of 2000--2012 time trends in age-/sex-specific incidence and mortality of acute AAA events in the UK extracted from ONS and HES data.

Estimates of the effectiveness of screening strategies were obtained by using MASS trial data on aneurysm screening efficacy in combination with our calculated event- and aneurysm-related death rates for the UK population. To calculate the number of life-years lost owing to acute AAA events in the UK, we used age- and sex-specific UK population life expectancies stratified by smoking status,[@b45],[@b46] obtained from the ONS and Institute and Faculty of Actuaries (IFoA). These expected life expectancies were reduced (10-year relative survival of 72.2% for men and 53.6% for women) to take into account the presence of atherosclerotic aneurysmal disease based on published registry data.[@b47] It was thus possible to estimate the likely impact of current and potential alternative screening programs in terms of deaths prevented and life-years saved in 2010 based on the following key assumptions.

Key assumptions made when estimating screening strategy efficacy:The time-period of "protection" afforded by screening was assumed to be 10 or 15 years in separate analyses, consistent with the range of estimates from the MASS trial which found a 48% (95% confidence interval \[CI\], 37 to 57) relative risk reduction (RRR) in aneurysm-related death up to 10 years from screening scan.[@b8],[@b9] We assumed a 50% RRR in 10-year risk for our primary analysis.Estimates of screening efficacy in the MASS trial were based on prevention of deaths related to both elective and emergency presentations of AAA. Overall, 417 of 451 (92.5%) AAA-related deaths at 10-year follow-up in both treatment groups of the trial were the result of emergency presentations, with very similar RRRs found for the prevention of both emergency events (ruptured and symptomatic AAAs) and deaths related to emergency AAA presentations as found for overall AAA-related deaths. We therefore applied the 50% RRR to our estimates of the reduction in both acute events and deaths when calculating the effectiveness of screening strategies.Screening in women was assumed to be as effective as shown in men.Uptake of screening was assumed to be similar to that achieved in the MASS trial (80%).The efficacy of screening was assumed to be the same at ages 65 and 75 as the overall results in the MASS trial, which included subjects from ages 65 to 74, and this result was also used to estimate the impact of targeting screening in smokers and hypertensives.The overall benefit of screening at older ages (such as at age 75) will be dependent on the relative life expectancy of subjects with aneurysmal disease at this age, and this, in turn, is influenced by the competing risks for death from other diseases, such as coronary heart disease, cancer, and diabetes mellitus. In our analysis, we have calculated the estimated life expectancy of the UK population age 75 with known aortic aneurysmal disease stratified by smoking status. Although it is not possible to directly account for the competing risks of death resulting from individual diseases (given that these are not known), by calculating adjusted life expectancies, we have attempted to account for the overall impact of these competing risks in our analyses.At 13-year follow-up in the MASS trial, 277 patients in the control group had undergone elective AAA repair for incidentally identified AAA, compared to 600 elective repairs in the screen-invited group, thereby reducing the effectiveness of screening. Overall, 64 of 600 (10.7%) of elective repairs in the screen-invited group occurred for incidentally detected AAAs found outside the screening program, and these were included in the screening efficacy analysis. To appropriately apply the MASS trial screening efficacy estimates to our population, we therefore also included acute AAA events in patients with previously incidentally detected aneurysms under surveillance in our analysis. However, sensitivity analyses excluding these patients were also performed.Screening provides the opportunity to identify people at increased general vascular risk and commence appropriate primary prevention. Given that we have applied the overall benefit obtained in MASS in our analyses, we hope to have accounted for this potential screening benefit. We concentrated on the reduction in AAA-related death that was reported in MASS and did not address the effect on all-cause mortality. Our reasons for this approach were: MASS did not show a significant reduction in non-AAA-related deaths. The 3% relative reduction in all-cause mortality appeared to be owing mainly to the reduction in AAA-related deaths. Indeed, in their 10-year results paper, the MASS trialists concluded that screening had not resulted in general differences in health care between the intervention groups;The more widespread use of statins and BP lowering in primary prevention during the last 10 to 15 years since MASS recruited would probably somewhat reduce any broader health impact of screening, even if such a benefit had been detected in the trial; andRecent data from the NHS screening program indicate low levels of antiplatelet, statin, and antihypertensive medication prescription in men found to have small aneurysms with multiple CV risk factors.

To estimate the likely impact of current and potential alternative screening programs on deaths prevented and life-years saved in 2020 and 2030, IFoA and ONS estimates of life expectancy in 2020 and 2030 were used, and it was assumed that AAA event and death rates will continue to decline in keeping with the recent national trends described above. The same proportionate reductions in age- and sex-specific life expectancy for 2020 and 2030 were applied (as were used above for 2010).

Results
=======

Of the 92 728 study population, 23 808 were ≥55 years of age, of which 8954 (37.6%) had diagnosed HTN and 11 480 (48.2%) had ever smoked. A total of 196 acute nonocclusive aortic events occurred in 179 patients, including 127 acute aneurysms (108 abdominal, 6 thoracoabdominal, and 13 thoracic) and 69 acute dissections (51 Stanford type A and 18 type B). 103 incident acute AAA events were analyzed (rate =9/100 000/year; 72.8% male; mean age =78.7 years), of which 79 (76.7%) were incident ruptured aneurysms (7 in 100 000), 24 (23.3%) were acutely symptomatic aneurysms (2 in 100 000; Table[1](#tbl1){ref-type="table"}), and 61 were fatal (5/100 000/year). Of the 103 incident events, 31 (30.1%) were sudden deaths in the community and a further 6 (5.8%) died in transit to the hospital or shortly after arrival. Of the remaining 66 cases, 43 (65.1%) had emergency surgery (37 open; 6 endovascular).

###### 

Demographics and Risk Factors for Incident Acute Abdominal Aortic Aneurysms by Gender and Type

                                  Total (n =103)   Male (n =75)   Female (n =28)   *P* Value   Ruptured (n =79)   Symptomatic (n =24)   *P* Value
  ------------------------------- ---------------- -------------- ---------------- ----------- ------------------ --------------------- -----------
  Mean (SD) age, y                78.7 (8.6)       78.0 (8.5)     80.6 (8.8)       0.17        78.8 (9.2)         78.2 (6.5)            0.76
  Male (%)                        75 (72.8)                                                    59 (74.7)          16 (66.7)             0.44
  Previous vascular disease (%)                                                                                                         
   Angina                         32 (31.1)        23 (30.7)      9 (32.1)         0.89        25 (31.6)          7 (29.2)              0.82
   Acute coronary syndrome        25 (24.3)        21 (28.0)      4 (14.3)         0.20        19 (24.1)          6 (25.0)              0.92
   Transient ischaemic attack     18 (17.5)        14 (18.7)      4 (14.3)         0.77        14 (17.7)          4 (16.7)              0.91
   Stroke                         18 (17.5)        14 (18.7)      4 (14.3)         0.77        12 (15.2)          6 (25.0)              0.27
   Peripheral arterial disease    19 (18.4)        12 (16.0)      7 (25.0)         0.30        12 (15.2)          7 (29.2)              0.12
   Any                            59 (57.3)        41 (54.7)      18 (64.3)        0.38        45 (57.0)          14 (58.3)             0.91
  Risk factors (%)                                                                                                                      
   Current smoker                 35 (34.0)        29 (38.7)      6 (21.4)         0.10        25 (31.6)          10 (41.7)             0.36
   Ever smoked                    79 (76.7)        62 (82.7)      17 (60.7)        0.02        60 (75.9)          19 (79.2)             0.74
   Hypertension                   70 (68.0)        44 (58.7)      26 (92.9)        0.001       51 (64.6)          19 (79.2)             0.18
   Diabetes mellitus              11 (10.7)        8 (10.7)       3 (10.7)         1.00        8 (10.1)           3 (12.5)              0.72
   Cardiac failure                14 (13.6)        8 (10.7)       6 (21.4)         0.16        12 (15.2)          2 (8.3)               0.51
   Atrial fibrillation            20 (19.4)        15 (20.0)      5 (17.9)         0.81        17 (21.5)          3 (12.5)              0.39
  Medications (%)                                                                                                                       
   Statin                         45 (43.7)        32 (42.7)      13 (46.4)        0.73        33 (41.8)          12 (50.0)             0.48
   Aspirin                        44 (42.7)        33 (44.0)      11 (39.3)        0.67        33 (41.8)          11 (45.8)             0.73
   Other antiplatelet agents      4 (3.9)          3 (4.0)        1 (3.6)          1.00        2 (2.5)            2 (8.3)               0.23
   Warfarin                       10 (9.7)         8 (10.7)       2 (7.1)          0.72        9 (11.4)           1 (4.2)               0.45
  Antihypertensives (%)                                                                                                                 
   0                              31 (30.1)        29 (38.7)      2 (7.1)                      26 (32.9)          5 (20.8)              
   1                              24 (23.3)        14 (18.7)      10 (35.7)                    18 (22.8)          6 (25.0)              
   ≥2                             48 (46.6)        32 (42.7)      16 (57.1)        0.004       35 (44.3)          13 (54.2)             0.43

Annual incidence was 55 in 100 000 in men ages 65 to 74 years, but was higher in older men (75 to 85: 112 in 100 000; ≥85: 298 in 100 000) and older women (≥85: 82 in 100 000), with only 22.3% of incident events and 13.1% of aneurysm-related deaths occurring in men ages 65 to 74 (Table[2](#tbl2){ref-type="table"}). Figure[1](#fig01){ref-type="fig"} compares our incidence rates with those derived from HES data and death certification over the same time period for both our local Oxfordshire population and the UK. A total of 41.7% of incident acute AAA events were missed by routine HES and mortality coding when using the acute AAA code (I-713), mainly owing to incorrect coding as elective procedures, unspecified aneurysm, or thoracic aneurysm hospital episodes (n =35) or as acute coronary syndromes or aortic dissection events (n =8). Of cases that reached the hospital, only 34 of 66 were coded correctly. Coding was least accurate for acutely symptomatic aneurysms: 25.0% being correctly coded versus 67.1% of ruptured aneurysms (*P*\<0.0001). Using all acute aneurysm codes (I-711, I-713, I-715, and I-718) increased the number of correctly identified cases to 67.0% (78.4% for aneurysm-related deaths), but at the expense of increased false positives (15.9%) owing mainly to inclusion of nonabdominal aneurysms. No significant improvement in coding analysis was detected throughout the study period.

###### 

Age- and Sex-Specific Rates Per Hundred Thousand Population (2002--2014) for Incident Acute Abdominal Aortic Aneurysm Events in: the Total Population; Current Smokers; Ex-Smokers; and Those With Diagnosed Hypertension

  Age, y                    45 to 54   55 to 64     65 to 74         75 to 84        ≥85              Total
  ------------------------- ---------- ------------ ---------------- --------------- ---------------- -------------
  Total population                                                                                    
   Men                                                                                                
    Cases                   0          5            23               28              19               75
    Rate/100 000 (95% CI)   ---        8 (3, 19)    55 (35, 82)      112 (75, 162)   298 (179, 465)   13 (10, 17)
   Women                                                                                              
    Cases                   0          2            5                10              11               28
    Rate/100 000 (95% CI)   ---        3 (0, 12)    11 (4, 26)       31 (15, 58)     82 (41, 146)     5 (3, 7)
   Total                                                                                              
    Cases                   0          7            28               38              30               103
    Rate/100 000 (95% CI)   ---        6 (2, 12)    32 (22, 47)      67 (47, 92)     151 (102, 216)   9 (8, 11)
  Current smokers                                                                                     
   Men                                                                                                
    Cases                   0          4            17               6               2                29
    Rate/100 000 (95% CI)   ---        34 (9, 88)   274 (159, 438)   151 (56, 329)   209 (25, 755)    27 (18, 39)
   Women                                                                                              
    Cases                   0          1            2                3               0                6
    Rate/100 000 (95% CI)   ---        12 (0, 64)   45 (5, 163)      66 (14, 191)    ---              7 (3, 15)
   Total                                                                                              
    Cases                   0          5            19               9               2                35
    Rate/100 000 (95% CI)   ---        25 (8, 58)   179 (108, 279)   105 (48, 200)   72 (9, 261)      18 (12, 25)
  Ex-smokers                                                                                          
   Men                                                                                                
    Cases                   0          1            5                14              13               33
    Rate/100 000 (95% CI)   ---        6 (0, 36)    29 (9, 67)       124 (68, 208)   452 (240, 772)   34 (24, 48)
   Women                                                                                              
    Cases                   0          0            3                4               4                11
    Rate/100 000 (95% CI)   ---        ---          20 (4, 58)       31 (9, 80)      84 (23, 214)     12 (6, 21)
   Total                                                                                              
    Cases                   0          1            8                18              17               44
    Rate/100 000 (95% CI)   ---        3 (0, 18)    25 (11, 48)      75 (44, 118)    222 (129, 355)   23 (17, 31)
  Hypertensives                                                                                       
   Men                                                                                                
    Cases                   0          2            13               15              14               44
    Rate/100 000 (95% CI)   ---        13 (2, 48)   72 (38, 124)     119 (66, 196)   360 (197, 604)   71 (51, 95)
   Women                                                                                              
    Cases                   0          2            4                10              10               26
    Rate/100 000 (95% CI)   ---        15 (2, 56)   21 (6, 55)       57 (27, 104)    128 (61, 235)    37 (24, 55)
   Total                                                                                              
    Cases                   0          4            17               25              24               70
    Rate/100 000 (95% CI)   ---        14 (4, 37)   46 (27, 74)      82 (53, 122)    205 (131, 305)   53 (41, 67)

CI indicates confidence interval.

![Efficacy of routine local and national coding (Hospital Episode Statistics data and death certification) in identifying acute abdominal aortic aneurysm events as compared to OXVASC ascertainment. OXVASC ascertainment is taken as the gold standard. ICD10 refers to the International Classification of Diseases, 10th Revision. I713 is the code for acute/ruptured abdominal aortic aneurysm. I711, I713, I715, and I718 codes refer to acute/ruptured aortic aneurysms at other anatomical locations. Only incident events were analyzed. For specificity calculations, the total number of OXVASC incident acute aortic events (179) during the 12-year study period was used. OXVASC indicates the Oxford Vascular Study.](jah30004-e001926-f1){#fig01}

Extrapolating our incidence rates to the 2010 UK population (Figure[2](#fig02){ref-type="fig"}) yielded a total of 6905 incident events per year, 67.1% age ≥75 years, and 32.3% age ≥85 years. The corresponding number of deaths resulting from an incident acute AAA was 3957, 77.7% age ≥75 years, and 39.1% age ≥85 years (Figure[3](#fig03){ref-type="fig"}). Incorporating current UK age- and sex-specific life expectancies, stratified by smoking status, and adjusted for atherosclerotic aneurysmal disease, the life-years lost owing to acute AAA events were 21 800 (Table[2](#tbl2){ref-type="table"}).

![Projected number of incident acute abdominal aortic events occurring in the UK population in 2010, 2020, and 2030 stratified by age and incidence rates: A, if rates reduce by the same age-adjusted degree as they have for last decade; and B, if they remain unchanged from current rates.](jah30004-e001926-f2){#fig02}

![Projected number of acute abdominal aortic aneurysm-related deaths occurring in the UK population in 2010, 2020, and 2030 stratified by age and death rates: A, if rates reduce by the same age-adjusted degree as they have for last decade; and B, if they remain unchanged from current rates.](jah30004-e001926-f3){#fig03}

Based on projected changes in UK population structure and current time trends in incidence of acute AAA, the annual numbers of incident cases in the UK in 2030 should remain fairly static, but by then 85.9% of events will occur at age ≥75 years and 56.3% at age ≥85 years (Figure[2](#fig02){ref-type="fig"}). Likewise, by 2030, the total number of acute aneurysm-related deaths will be static, but over 90% will occur at age ≥75 years, 61.6% at ≥85 years, and 28.6% will be in women (Figure[3](#fig03){ref-type="fig"}), with a similar number of life-years lost.

Using our extrapolated event rates and trial evidence of a 50% reduction in 10-year aneurysm-related deaths from one-off screening of men age 65, currently the UK screening program would have prevented ≈10.7% of acute incident events, 5.6% of aneurysm-related deaths, and 12.0% of life-years lost (315 200 scans/year; 1426 per death prevented, 121 per year of life saved; [Tables 3](#tbl3){ref-type="table"}, [4](#tbl4){ref-type="table"}, and [S1](#sd1){ref-type="supplementary-material"} through [S4](#sd1){ref-type="supplementary-material"}). Taking into account future projected changes in UK population demographics and current trends in incidence, by 2030 the proportions prevented fall to 4.6% for incident events, 2.1% for related deaths, and 5.2% of life-years saved (421 700 scans/year; 4827 per death prevented, 369 per year of life saved; [Tables 3](#tbl3){ref-type="table"}, [4](#tbl4){ref-type="table"}, and [S1](#sd1){ref-type="supplementary-material"} through [S4](#sd1){ref-type="supplementary-material"}). If the current screening program were extended to include a repeat scan in all men age 75 and a first scan in all women age 75, this would prevent ≈28.1% of acute incident events, 24.9% of aneurysm-related deaths, and 37.7% of life-years lost, but require 752 100 scans/year ([Tables S2](#sd1){ref-type="supplementary-material"} through [S4](#sd1){ref-type="supplementary-material"}).

###### 

Projected Impact of the Current UK Screening Program on Acute AAA Events Versus Alternative Strategies if Incidence Rates Reduce by the Same Age-Adjusted Degree as They Have for Last Decade

                                                                                                                                       2010[\*](#tf3-2){ref-type="table-fn"}   2020[\*](#tf3-2){ref-type="table-fn"}   2030[\*](#tf3-2){ref-type="table-fn"}                               
  ------------------------------------------------------------------------------------------------------------------------------------ --------------------------------------- --------------------------------------- --------------------------------------- ------------- ------------- -------------
  Total UK population ≥55 years                                                                                                        17 646 359                              20 861 307                              23 923 713                                                          
  Annual acute AAA events                                                                                                              6905                                    6344                                    6372                                                                
  Length of screening efficacy, y                                                                                                      10                                      15                                      10                                      15            10            15
  Screening program                                                                                                                                                                                                                                                                        
   Current: men age 65                                                                                                                                                                                                                                                                     
    Acute AAA events expected in screened population, N (%)                                                                            1472 (21.3)                             2411 (34.9)                             960 (15.1)                              1782 (28.1)   581 (9.1)     1306 (20.5)
    Acute AAA events prevented, N (%)                                                                                                  736 (10.7)                              1206 (17.5)                             480 (7.6)                               891 (14.0)    291 (4.6)     653 (10.3)
    Annual scans                                                                                                                       315 200                                 315 200                                 325 400                                 325 400       421 700       421 700
    Scans required to prevent 1 event                                                                                                  428                                     261                                     678                                     365           1449          646
   Alternative A: men age 65 current smokers[†](#tf3-3){ref-type="table-fn"}+all men age 75                                                                                                                                                                                                
    Acute AAA events expected in screened population, N (%)                                                                            3130 (45.3)                             3779 (54.7)                             2459 (38.8)                             3301 (52.0)   1945 (30.5)   3038 (47.7)
    Acute AAA events prevented, N (%)                                                                                                  1565 (22.7)                             1889 (27.4)                             1230 (19.4)                             1650 (26.0)   972 (15.3)    1519 (23.8)
    Annual scans                                                                                                                       247 900                                 247 900                                 307 200                                 307 200       336 800       336 800
    Scans required to prevent 1 event                                                                                                  158                                     131                                     250                                     186           347           222
   Alternative B: men age 65 current smokers[†](#tf3-3){ref-type="table-fn"}+all men age 75+women age 75 with diagnosed hypertension                                                                                                                                                       
    Acute AAA events expected in screened population, N (%)                                                                            3654 (52.9)                             4727 (68.5)                             2919 (46.0)                             4252 (67.0)   2381 (37.4)   4111 (64.5)
    Acute AAA events prevented, N (%)                                                                                                  1827 (26.5)                             2363 (34.2)                             1460 (23.0)                             2126 (33.5)   1191 (18.7)   2055 (32.3)
    Annual scans                                                                                                                       336 400                                 336 400                                 417 200                                 417 200       452 700       452 700
    Scans required to prevent 1 event                                                                                                  184                                     142                                     286                                     196           380           220

Values are given as overall numbers with percentages in brackets, unless otherwise stated. AAA indicates abdominal aortic aneurysm; ONS, Office of National Statistics.

Incorporates 2010 UK population census and ONS Principal Population Projections for 2010--2030.

Current smoking was defined as daily smoking within the previous 12 months.

###### 

Projected Impact on Aneurysm-Related Death of the Current UK Screening Program Versus Alternative Strategies if Incidence Rates Reduce by the Same Age-Adjusted Degree as They Have for Last Decade

                                                                                                                                       2010[\*](#tf4-2){ref-type="table-fn"}   2020[\*](#tf4-2){ref-type="table-fn"}   2030[\*](#tf4-2){ref-type="table-fn"}                               
  ------------------------------------------------------------------------------------------------------------------------------------ --------------------------------------- --------------------------------------- --------------------------------------- ------------- ------------- -------------
  Total UK population ≥55 years                                                                                                        17 646 359                              20 861 307                              23 923 713                                                          
  Annual AAA-related deaths                                                                                                            3957                                    3860                                    4078                                                                
  Length of screening efficacy, y                                                                                                      10                                      15                                      10                                      15            10            15
  Screening program                                                                                                                                                                                                                                                                        
   Current: men age 65                                                                                                                                                                                                                                                                     
    AAA-related deaths expected in screened population, N (%)                                                                          441 (11.2)                              1056 (26.7)                             288 (7.5)                               825 (21.4)    174 (4.3)     649 (15.9)
    AAA-related deaths prevented, N (%)                                                                                                221 (5.6)                               528 (13.3)                              144 (3.7)                               413 (10.7)    87 (2.1)      324 (8.0)
    Annual scans                                                                                                                       315 200                                 315 200                                 325 400                                 325 400       421 700       421 700
    Scans required to prevent 1 death                                                                                                  1426                                    597                                     2260                                    788           4847          1302
   Alternative A: men age 65 current smokers[†](#tf4-3){ref-type="table-fn"}+all men age 75                                                                                                                                                                                                
    AAA-related deaths expected in screened population, N (%)                                                                          1670 (42.2)                             2189 (55.3)                             1362 (35.3)                             2036 (52.7)   1123 (27.5)   1998 (49.0)
    AAA-related deaths prevented, N (%)                                                                                                835 (21.1)                              1095 (27.7)                             681 (17.6)                              1018 (26.4)   561 (13.8)    999 (24.5)
    Annual scans required                                                                                                              247 900                                 247 900                                 307 200                                 307 200       336 800       336 800
    Scans required to prevent 1 death                                                                                                  297                                     226                                     451                                     302           600           337
   Alternative B: men age 65 current smokers[†](#tf4-3){ref-type="table-fn"}+all men age 75+women age 75 with diagnosed hypertension                                                                                                                                                       
    AAA-related deaths expected in screened population, N (%)                                                                          1970 (49.8)                             2743 (69.3)                             1625 (42.1)                             2593 (67.2)   1372 (33.7)   2629 (64.5)
    AAA-related deaths prevented, N (%)                                                                                                985 (24.9)                              1371 (34.7)                             813 (21.0)                              1296 (33.6)   686 (16.8)    1314 (32.2)
    Annual scans required                                                                                                              336 400                                 336 400                                 417 200                                 417 200       452 700       452 700
    Scans required to prevent 1 death                                                                                                  342                                     245                                     513                                     322           660           345

AAA indicates abdominal aortic aneurysm.

Incorporates 2010 UK population census and ONS Principal Population Projections for 2010--2030.

Current smoking was defined as daily smoking within the previous 12 months.

The increase in number of scans required to screen all men at age 65 and all men and women at age 75 could be reduced by a risk factor-targeted approach. For example, 33 of 35 of all events at age \<75 years occurred in current (n =24) or previous (n =9) smokers (Figure[4](#fig04){ref-type="fig"}), a much higher prevalence of current smoking (*P*\<0.001) than in the underlying study population ([Table S5](#sd1){ref-type="supplementary-material"}), although overall prevalence of current or previous smoking among cases was lower in women (60.7% versus 82.7% in men; *P* =0.02; Table[1](#tbl1){ref-type="table"}). In addition, the mean age at event was lowest in current smokers, compared to ex-smokers and never-smokers (*P*\<0.0001; Table[5](#tbl5){ref-type="table"}). For those who gave up smoking ≥10 years before event, age at event was similar to that of never-smokers (Table[5](#tbl5){ref-type="table"}). Incidence rates were greatest (274/100 000/year) in male current smokers men ages 65 to 74 years (Table[2](#tbl2){ref-type="table"}). In view of this, screening only male smokers age 65 and then all men at age 75 would have prevented twice the number of events (22.7%), 4 times the number of deaths (21.1%), and almost 3 times the number of life-years lost (33.3%) as the current screening strategy, with a 21.4% reduction in the number of scans/year required (247 900); 297 per death prevented; and 34 per year of life saved ([Tables 3](#tbl3){ref-type="table"}, [4](#tbl4){ref-type="table"}, and [S1](#sd1){ref-type="supplementary-material"} through [S4](#sd1){ref-type="supplementary-material"}). For this strategy, by 2030 the proportions prevented would be 15.3% for incident events, 13.8% for related deaths, and 24.7% for life-years saved.

###### 

Smoking Status and Age of Acute Event Stratified by Hypertensive Status

                                                              Life-Long Nonsmoker   Ex-Smoker    Current Smoker   *P* Value    Total                  
  ----------------------------------------------------------- --------------------- ------------ ---------------- ------------ ------------ --------- ------------
  N (%)                                                       24 (23.3)             29 (28.2)    15 (14.6)        44 (42.8)    35 (34.0)              103
  Male, N (%)                                                 13 (54.2)             24 (82.8)    9 (60.0)         33 (75.0)    29 (82.9)    0.03      75 (72.8)
  Hypertension, N (%)                                         16 (66.7)             21 (72.4)    11 (73.3)        32 (72.7)    22 (62.9)    0.83      70 (68.0)
  Mean (SD) age, y                                            83.3 (7.9)            83.7 (6.7)   76.9 (5.1)       81.2 (7.0)   72.2 (7.2)   \<0.001   78.7 (8.6)
  Mean (SD) age, years in those with diagnosed hypertension   84.4 (8.8)            83.7 (5.6)   77.1 (5.8)       81.2 (6.5)   72.9 (7.9)   \<0.001   79.4 (8.7)
  Mean (SD) age, years in those not diagnosed hypertensive    81.2 (5.8)            83.8 (9.4)   76.3 (3.1)       81.3 (8.5)   70.8 (5.7)   0.001     77.1 (8.4)

![Age- and sex-specific rates per hundred thousand population (2002--2014) for incident acute events by risk factor status. The term "normotensive" refers to no diagnosis of hypertension made before event. Data labels refer to total number of incident events occurring in study period. AAA indicates abdominal aortic aneurysm.](jah30004-e001926-f4){#fig04}

In contrast to current smoking, which was a powerful risk factor for premature disease in both men and women (Figure[4](#fig04){ref-type="fig"} and Tables [S5](#sd1){ref-type="supplementary-material"} and [S6](#sd1){ref-type="supplementary-material"}), HTN was the predominant risk factor in women at all ages, but was less important in men, with only 7.1% of female cases being normotensive versus 41.3% of male cases (*P*\<0.0001; Figure[4](#fig04){ref-type="fig"}). Consequently, among women with HTN, incidence of acute AAA reached 57/100 000/year at ages 75 to 85 and 128/100 000/year at age ≥85 (Table[2](#tbl2){ref-type="table"} and Figure[4](#fig04){ref-type="fig"}). Premorbid control of BP was also worse in women. Over the 5 years preceding the incident event, the mean (SD) proportion of all BPs recorded in primary care (mean number of readings =12/patient) that were greater than 140/90 mm Hg averaged 53.0% (27.0) in women and 36.1% (31.7) in men (difference, *P* =0.02). The highest recorded SBP in the 5 years preceding the event averaged 197.2 (SD =27.8) mm Hg in women and 171.6 (25.6) in men (*P*\<0.0001), despite more-intensive (*P* =0.004) use of antihypertensive drugs in women (Table[1](#tbl1){ref-type="table"}).

A screen of women age 75 with known HTN would have prevented 27.4% of events in women, 30.0% of deaths, and 16.8% of life-years lost (88 500 scans/year; 590 per death prevented, 93 per year of life saved), although impact on overall numbers of events would be more limited (3.8% of events prevented, 3.8% of deaths, and 4.4% of life-years lost overall; [Tables S3](#sd1){ref-type="supplementary-material"} and [S4](#sd1){ref-type="supplementary-material"}). Further targeting screening by history of CV disease (any transient ischemic attack, stroke, myocardial infarction, angina, or peripheral vascular disease) would be unlikely to be effective given that only 18 of 38 (47.4%) acute AAA ages 75 to 84 had such a history.

Overall 30-day case fatality rate was 59.2% for incident acute AAA and was 41.7% for patients reaching the hospital alive. Thirty-day fatality was higher for ruptured aneurysms (74.7%), compared with acutely symptomatic aneurysms (8.3%; *P*\<0.0001; Figure[5](#fig05){ref-type="fig"}). For all cases, mean (SD) length of stay was 9.25 (±15.5) days and intensive care unit (ICU) stay was 4.8 (±10.7), 15.3 (±17.5), and 7.9 (±12.9) days, respectively, for those admitted to the hospital alive. For those discharged from the hospital alive (n =40), mean (SD) length of stay and ICU stay were 19.3 (±15.8) and 6.9 (±7.3) days and were similar for cases age ≥75 years (mean, 16.4±13.5) and age \<75 years (21.8±17.6; *P* =0.36). Five patients required community hospital rehabilitation and 2 required permanent care home placement, all of whom were age ≥75 years.

![Mortality of acute abdominal aortic aneurysms with numbers at risk tabled below. Top: 30-day mortality; bottom: 5-year mortality.](jah30004-e001926-f5){#fig05}

Although 30-day case fatality for elective repair of AAA in the UK national audit increases with age (2% at age \<75 years; 6% at ≥85 years; [Table S6](#sd1){ref-type="supplementary-material"}), there was no evidence that effectiveness of screening at older ages would be undermined by other factors. Thirty-day case fatality resulting from acute AAA increased from 40.0% at age \<75 years to 69.1% at age ≥75 years (*P* =0.01; [Table S6](#sd1){ref-type="supplementary-material"}). Among patients with incident acute AAA, rates of premorbid disability also increased with age ([Table S7](#sd1){ref-type="supplementary-material"}), but 97.4% (76/78) of those age ≥75 years were mobile with or without walking aid (mRS, 0 to 3). The proportion of patients who were dead or had an increase in disability after the event increased with age was 48.6% (17 of 35) at age \<75 years versus 86.8% (59 of 68) at age ≥75 years (*P*\<0.0001).

Of the 103 patients with acute AAA, 15 (14.6%) had a known AAA under surveillance. For these cases, mean (SD) age at event was 81.3 (8.3) and at previous diagnosis was 77.0 (9.8). Ten patients presented with ruptured AAAs and 5 with acutely symptomatic aneurysms. Five (33.3%) died before arrival at the hospital and 8 (53.3%) died within 30 days of event. However, only 1 acute AAA event was in a male ages 65 to 74 and 7 were age ≥85 years. Our estimates of the effectiveness of screening strategies at ages 65 and 75 were not altered by excluding these cases ([Tables S8](#sd1){ref-type="supplementary-material"} and [S9](#sd1){ref-type="supplementary-material"}).

Discussion
==========

To our knowledge, this is the first prospective, population-based study of incidence, risk factors, and outcome of all acute AAA events without exclusion of patients by age or sex, thereby allowing estimation of the impact of screening in different groups and also taking into account the impact of risk factors on risk of acute AAA, as opposed to the prevalence of AAA. We reported several important findings. First, our incidence of acute AAA (9/100 000/year) and related death rates (5/100 000/year) were 30% to 40% higher than local and national estimates based on routine coding data.[@b16]--[@b18] Second, however, we showed that incidence in men ages 65 to 74 years was lower than that found in the MASS trial (55/100 000/year vs. 96/100 000/year in the MASS control group, *P* =0.02), in keeping with recent time-trend data from coding studies, suggesting that AAA admission and death rates have fallen in younger age groups over the last 2 decades,[@b16],[@b17] and with current screening programs reporting a lower-than-expected prevalence of AAAs in men age 65.[@b10],[@b14],[@b15] Third, we showed that nearly two thirds of all acute AAA now occur at age ≥75 years and that such events have a higher case fatality than at younger ages. Fourth, we showed that the total annual number of events, deaths, and life-years lost in the UK will remain fairly static over the next few decades if age-specific incidence continues to fall, but that the proportion of all AAA-related deaths that occur at age ≥75 will increase from 77.7% in 2010 to 91.0% by 2030, by which time 56.3% of events and 61.6% of deaths will occur at age ≥85. Fifth, we showed that, currently, the recently introduced UK screening program would prevent less than 10% of all aneurysm-related deaths, with this proportion likely to fall to around 2% by 2030. Finally, we estimated the population impact and logistic implications of several alternative screening strategies, supported by age-specific data on risk factors, premorbid disability rates, and outcomes, all of which should influence decisions about the optimal screening strategy.

Extension of the current UK screening program to all men and women at age 75 would result in a 3- to 4-fold increase in the proportion of deaths prevented and life-years lost, owing to the much higher incidence of acute AAA events at ages 75 to 84 years than at 64 to 75 and the higher case fatality at older ages. Although the uptake of screening might be lower at older ages and suitability for surgery of patients with screen-detected AAA might be lower than at age 65, we found no evidence that age alone should be a bar to screening. First, 97.4% of patients with acute AAA age ≥75 years were mobile (mRS, 0 to 3) before the event, but 86.8% were dead or more disabled after the event. Indeed, the increase in 30-day case fatality of acute AAA events with age was much greater in absolute terms than the increase in case fatality owing to elective AAA repair. One quarter of elective AAA repairs in the UK are already performed in patients over the age of 80,[@b48] with excellent functional outcomes in the vast majority.[@b49] Second, our estimates of effectiveness of screening took into account the shorter life expectancy in older individuals with known aneurysmal disease. A mean life expectancy after elective AAA surgery in all men age 75 of 9.2 years would not appear to be a bar to screening and is not markedly lower than that for male smokers age 65 (11.8 years), who are the de facto target of the current screening program. Indeed, screening only at age 65 years could be said to penalize nonsmokers, in whom the mean age of acute AAA was nearly 20 years older, by which time any benefit from previous screening would be lost.

We have also shown that a risk-factor--targeted screening strategy would both increase the number of deaths prevented and life-years saved and reduce the number of scans required per year. Current smoking was particularly strongly associated with occurrence of acute AAA at younger ages. The U.S. Medicare screening program limits screening to men age 65 years who have ever smoked, whereas our data suggest that screening could be further limited to current smokers. Screening only male current smokers age 65 and then all men at age 75 would result in an almost 4-fold increase in the number of deaths prevented and a 3-fold increase in the number of life-years saved, compared to the current UK strategy, with an approximate 20% reduction in the number of scans required.

Previous HTN was a particularly important risk factor in women, being present in 93% of those with incident acute AAA. Over one quarter of acute AAA events at all ages currently occur in women, rising to one third by 2030, and so consideration should be given to offering screening to women with risk factors, and a policy of screening all women age 75 with known HTN might be evaluated in randomized trials. We found that such a policy would potentially prevent 150 deaths per year in the UK, with 590 scans required to prevent each death and 93 scans per year of life saved.

The particularly strong influence of smoking and HTN on risk of rupture and their apparent interactions with age and sex are consistent with previous studies of rupture during follow-up of patients with prevalent AAA.[@b27]--[@b30] Although current smoking increases rate of expansion of AAA by 15% to 20%, it doubles the risk of rupture.[@b29] We have shown that men ages 65 to 74 who smoke have an approximate 3% 10-year risk of acute AAA, highlighting the need for screening campaigns to reach this very-high-risk group. However, we found a much lower risk in ex-smokers (Figure[4](#fig04){ref-type="fig"}), suggesting that smoking cessation be very strongly encouraged in men with small presurgical aneurysms or those unfit for surgery. HTN also appears to have little effect on rate of AAA expansion in cohort studies, but increases the risk of rupture by 30% per 10 mm Hg increase in mean BP.[@b29] The particularly strong association between HTN and risk of acute AAA in women in our study might explain why although women have a lower aneurysm prevalence, and presumably therefore a reduced underlying susceptibility, they have a 4-fold increase in risk of subsequent rupture (adjusted for aneurysm diameter).[@b29] Not only were almost all women with acute AAA in our study hypertensive, but also premorbid control of BP was also substantially worse than in men, highlighting the importance of aggressive management of HTN in women with presurgical AAA.

We also found that one third of all acute AAA events occur at age ≥85 years and that this proportion is likely to rise to over one half by 2030. Although rescreening at age 85 would be controversial, and life expectancy after surgery at this age is only around 5 years, longer-term survival might increase in the future and screening of selected individuals might be appropriate. In terms of targeting screening in this age group, we found that HTN continued to be a risk factor for acute AAA, but that smoking was less strongly associated (Figure[4](#fig04){ref-type="fig"}).

Although we consider our findings to be valid, our study has a number of potential shortcomings:Although the OXVASC population covers a broad range of deprivation, with 22% of districts ranking in the lower third nationally, the population is 94% white and the proportions of other racial groups are too small (3.1% Asian, 1.5% Chinese, and 1.4% Afro-Caribbean) to determine separate event rates and outcomes.[@b50] However, the proportion of whites is similar in the UK as a whole (88% white) and in many other western countries (Australia, 90%; France, 91%; Germany, 93.9%). Although the demographic differences between Oxfordshire and the rest of the UK might undermine the generalizability of our findings, the coding-based incidence of acute AAA in OXVASC was very similar to that for the UK as a whole (Figure[2](#fig02){ref-type="fig"}).Despite our overlapping ascertainment methods, it is unlikely that we ascertained every single acute aortic event in our population. Although we identified many out-of-hospital deaths, some sudden deaths in the community resulting from acute AAA will undoubtedly go undiagnosed. However, such underascertainment is likely to be greater at older ages, where postmortem examination is less routine, such that our estimate of the proportion of deaths that occur at older ages might be conservative. Moreover, estimates of screening efficacy in the MASS trial would have been similarly affected. It is possible therefore that MASS may have underestimated the benefit of screening. However, MASS did not find a reduction in non-AAA-related death in the screening group, suggesting that any underestimation of events had a limited impact.The Rankin scale is a handicap assessment tool that was originally formulated in 1957 as a validated method for assessing cerebrovascular event severity and outcome. Over the last 2 decades, it has been used to scale disability subsequent to a variety of acute and chronic conditions, including cardiac arrest and Parkinson's disease. It is not specifically designed for use after AAA events, but the reasons for using it in this study are that it provides a simple generic measure of handicap, and it now allows the premorbid and postevent handicap after AAA to be compared with similar Rankin-based data in other acute and chronic conditions. We hope that the use of this scale adds important data necessary for assessing the effectiveness of AAA screening at older ages.Our projections of future event rates will inevitably be prone to error given the uncertainty about changes in risk factors and preventive treatments in the future. However, extrapolation of the current rate of decline in age-specific incidence is not unreasonable and, following this continuation, will tend to push AAA incidence in a direction that would support our suggested screening changes, that is, increased life history of smoking in currently middle-aged and older women adds to the case for screening women at age 75 years, and reduced smoking in men is likely to mean that incidence in men will continue to move to older ages. To avoid potential errors in the calculation of absolute rates, we have focused on the relative proportions of events in various age and risk groups, which remain relatively constant independent of the absolute current incidence rates used in the analysis. Unfortunately, it is not possible to provide reliable confidence intervals for the absolute outcome numbers provided in [Tables 3](#tbl3){ref-type="table"} and [4](#tbl4){ref-type="table"} owing to the fact that the ONS and IFoA do not provide these for their UK population projections.There is still some uncertainty about the rate of decline in the protective effect of screening with time from last screen.[@b9],[@b20] We therefore reported separate analyses based on time periods of "protection" afforded by screening of 10 or 15 years, based on the latest follow-up estimates from the MASS trial, and used a 50% RRR for both acute AAA events and related deaths.[@b9],[@b20] In a similar fashion to MASS, we have used 10-year age groups (65 to 74 and 75 to 84 years) to estimate the effectiveness of screening at age 65 and 75.Our estimates of the effectiveness of screening in men and women age 75 was based on assumptions that uptake of screening and willingness to undergo surgery for screen-detected AAA would be the same as that shown for men ages 65 to 74 in the MASS trial. However, our main finding that screening of male smokers at age 65 and all men at age 75 would prevent nearly 4 times as many deaths and 3 times as many life-years lost given that the current program with fewer scans required is sufficiently clear cut to be robust to alterations in the underlying assumptions.

Although our main analyses were based on only 103 acute AAA events, inevitably limiting the precision of some of our estimates of rates and risk factor associations, our study is still one of the largest-ever prospective studies of acute AAA events and is the first unselected population-based study not based only on routinely collected coding data. National-level studies of routine coding data have the advantage of large numbers, but we have shown that they are likely to miss over 40% of incident events, particularly acutely symptomatic AAAs, and they are unable to address other key issues, such as premorbid functional state and functional outcome, which are essential to considerations of the likely effectiveness and appropriateness of screening. Our access in OXVASC to the lifelong record of all medical consultations, medications details, BP measurements, and investigations for patients with acute events and the availability of age- and sex-specific risk factor data for the underlying study population (defined in the same way as in the cases) is also vital to any assessment targeted screening beyond consideration of only age and sex.

In conclusion, in the first prospective, unselected, population-based study of acute AAA events, we have shown a high incidence and case fatality in older ages. The majority of acute events, related deaths, and life-years lost now occur in those over age 75 and this will shift to age ≥85 over the next few decades. These observations have implications for health service provision and national screening strategies.
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